Abstract. In Central Europe forests, natural habitat heterogeneity, which commonly results from dynamics of canopy gap with soil pits and mounds formation, is to a large extent replaced by anthropogenic disturbances. Vascular plants and bryophytes can profit from anthropogenic habitats occurrence in different ways. Our goal was to study the difference between the reaction of these two taxonomic groups on the occurrence of the old ditches in managed forests. We found that the presence of ditches provides habitats for vascular plants as well as microhabitats for bryophytes and leads to enriching the forest flora within both of these groups. On average the number of species occurring in ditches in comparison to forest interior sites was about 97% higher in case of vascular plants and 45% higher in case of bryophytes. The bryophytes were characterized by the bigger dissimilarity of the species composition between the plots in the ditches and in forest interior. The role of the ditches differed between coniferous, mixed and deciduous forest types. In addition, in sites where a significant rise in vascular species richness was noted, bryophytes species enrichment was significantly less than that recorded for the vascular plants.
Introduction
Habitat diversification in a forest complex may be a result of variation of light conditions, features of soil and presence of coarse woody debris or leaf litter. It is frequently connected to the unevenness in topography and openings in canopy (Beatty, 1984; Canham et al., 1990; Heithecker and Halpern, 2006) . Forests used for timber production are cut down before they reach the stage of old-growth hence management reduces the occurrence of treefalls and other minor disturbances. Relatively young and dense stands planted on previously leveled ground are typically characterized by low habitat heterogeneity (Crow et al., 2002; Wohlgemuth et al., 2002) . However, in managed forest complexes artificial disturbances like roads, ditches, logging trails etc. may constitute an important source of anthropogenic habitat heterogeneity (Baltzinger et al., 2011; Buckley et al., 2003; Peterken and Francis, 1999) .
Habitat heterogeneity, both natural and anthropogenic, is considered an important factor in creating species richness. The body of research into anthropogenic forest structures that has been accumulated to date points to a significant role they play in increasing species richness of forest complexes (e.g. Baltzinger et al., 2011; Bergès et al., 2013; Peterken and Francis, 1999; Smith et al., 2007; Zielińska et al., 2013) . For the purposes of this study, from the many anthropogenic disturbances occurring in forests the analysis of ditches has been selected. Positive effects of topography on vascular plant and bryophyte species richness have been demonstrated on numerous occasions (eg. Löbel et al., 2006; Ulanova, 2000; Vellak at al., 2003) and ditches belong to the type of disturbances which exert the strongest influence on habitat diversity of forest complexes and which are responsible for the most significant growth of species richness (Baltzinger et al., 2011; Banach, 2009 ). This analysis focuses on typical drainage ditches intersecting forest phytocoenoses as well as roadside ditches. Beside the fact that both ditch types create different conditions on the bottom and the sides, roadside ditches are characterized by larger sun exposure. The presence of a road lined with a ditch may be of key importance as in many studies of floral diversity of forest complexes it has been demonstrated that it is the roadside that offers the richest habitat for non-forest species (Baltzinger et al., 2011; Zielińska, 2007; Smith et al., 2007) . This paper will attempt to compare the influence of the anthropogenic structures on two contrasting taxonomic groups, namely vascular plants and bryophytes. According to Paillet et al. (2010) who conducted meta-analysis of species richness in managed and unmanaged forests in Europe, the said taxonomic groups respond differently to transformations of forest phytocoenosis caused by man. Vascular plants display higher species richness in managed forests unlike bryophytes, whose resultant species richness is lower. Other researchers also concluded that bryophytes are more sensitive to forest management and even small scale environment alterations (Scott, 1971; Slack, 1990; Vellak et al., 2003; Vellak and Ingerpuu, 2005 and cited) .
In comparison to vascular plants, bryophytes do not so directly depend on the features of soil since they lack roots and cuticule and function in forest ecosystems in a different way (Beier et al., 1993; Hettenbergerová et al., 2013; Vellak et al., 2003) . Bryophytes inhabit various substrates and numerous authors point to the fact that their diversity is closely associated with the diversity of substrate types (Cole et al., 2008; Evans et al., 2012) . It can be stated that bryophytes occupy microhabitats within habitats principally taken by typically larger vascular plants. With such pronounced differences between vascular plants and bryophytes a legitimate question seems to be whether presence of ditches in forests contributes to increased species richness of bryophytes flora to the same degree as has been evidenced in the case of vascular flora (Baltzinger et al., 2011; Zielińska et al., 2013) .
The purpose of the study is to compare how anthropogenic structures such as ditches influence the species diversity of two contrasting taxonomic groups: vascular plants and bryophytes and it will seek to address the question of whether the two plant groups respond in a similar or different way to the presence of anthropogenic habitats in deciduous, mixed and coniferous forests. The analysis has been undertaken for drainage ditches directly crossing a forest as well as forest roadside ditches both in terms of the number of species and species composition.
Material and methods
The study was conducted in central Poland (51 C and 550mm respectively. The bedrock of the local soils is predominantly sands and clays. The study area is characterized by strongly transformed landscape, highly populated, agricultural and The forests of central Poland are mostly managed and they occupy approx. 20% of the land cover where the study was conducted. Past promotion of pine (Pinus sylvestris L.) resulted in most forest complexes now being coniferous and mixed forests (largely on sites of Vaccinio-Piceetea Br.-Bl. 1939) (Matuszkiewicz, 2001) . Beside pine, the predominant species constituting the stand in the case of the latter is oak, Quercus robur L. A smaller area is occupied by deciduous forests (mostly oak-hornbeam forests) on sites of Querco-Fagetea Br.-Bl. et Vlieg. 1937 (Matuszkiewicz, 2001) .
All the bigger forest complexes within the study area were searched for drainage ditches beginning from a randomly chosen location. After finding a ditch a plot was established within it and another corresponding control plot was located in the forest (at the distance of approx. 10m from the ditch). The plots were established away from the influence of road presence, clear-cuts or forest edges, at least a dozen meters away from such disturbances. Ditches were characterized by varied width (1-5m, mean 2.6m) and varied depth (0.5-1.75m, mean 0.8m). The length of the plot in the ditch was 5m, and the width reflected the width of the ditch. With this method of determining of plots they have different surface, but according to the preliminary studies enlargement of plots even as much as twofold of its surface is not such meaningful as consideration of the whole diversity of microhabitats constituting the ditches with bottom and two slopes (which would not have been taken account if the plots had equal surface in smaller and bigger ditches). The corresponding plots in forests had the same surface area as ditch plots. 40 such pairs of plots of equal surface were established. Subsequently, additional 21 plots were placed in roadside ditches and the same number of corresponding control plots in the surrounding forests. The plots in roadside ditches were only established along unpaved roads, which in contemporary state owned managed forests constitute a characteristic, regular network. A total number of 61 plots were established in ditches and another 61 plots in forests. We chose only the old ditches, which have not been deepened for years. Since accurate identification of forest associations in managed complexes is heavily error prone (they have a simplified structure and altered species composition) the classification has been limited to categorize the studied plots into coniferous, mixed and deciduous forests. Thus 33 pairs of plots (in ditches and forests) have been studied in coniferous forests (25 in and near the drainage ditches, 8 in and near the roadside ones), 17 in mixed forests (9-drainage, 8-roadside) and 11 pairs in deciduous forests (6-drainage, 5-roadside). It roughly corresponds to the area occupied by the analyzed forest types within the study area.
Within each plot all the vascular plant species and bryophyte species were listed (see Appendix A). All the existing bryophyte species regardless of their substrate were included. Over the studied area they inhabited exposed soil, humus, dead wood, live trees trunks up to 50 cm from the base, certain herbaceous plants' stems and even small rocks. Various substrates inhabited by bryophytes within the studied plots were termed microhabitats in the article, in contrast to mesohabitats which represented the area of the size of the ditch. Cover abundance of plant species was visually estimated in the field using the scale: 0.5, 5, 10, 20, 30, …, 100%.
During preliminary studies we were trying to find whether the ditch width, depth or percentage of tree and shrub cover had a significant impact on biodiversity indexes (among others we analysed species richness, Shannon's diversity index and Pielou's evenness index with Spearman's rank correlation coefficients), but we did not find clear dependencies neither for vascular plants (Zielińska et al,. 2013 ) nor for bryophytes.
For the analysis of species richness (dependent variable) mixed model ANOVA was used with plot area as a covariate, plot as a nested random factor and plant type (vascular-bryophyte), forest type (coniferous, mixed, deciduous), ditch type (drainage, roadside) and plot category (ditch -control forest plot) as fixed factors. All possible interactions between studied fixed factors were analysed. Post hoc multiple comparisons were performed using Tukey's HSD test for unequal sample sizes. Bray-Curtis similarity index:
where is the cover of species in sample , was used to quantify the compositional similarity between the ditch and corresponding forest plot for vascular plants and bryophytes separately. Three-way ANOVA was applied to detect differences between both types of plants considering the two ditch types and three types of forest and post hoc multiple comparisons using Tukey's HSD test for unequal sample sizes were performed.
All the necessary assumptions for ANOVA (normality and homogeneity of variances) were met. Normality was tested using Shapiro -Wilk's test for normality. Homogeneity of variances was tested with Levene's test. Results were considered significant for P<0.05. All calculations were performed using STATISTICA PL version 
Results
Over the study period there were identified a total number of 129 vascular plant species and 79 bryophytes taxa, including 13 liverworts ( Table 1) . In ditches a total number of 128 species of vascular plants and 72 species of bryophytes were reported, while in corresponding plots 55 vascular plant species and 50 bryophytes were found. 57% of vascular plants and 37% of bryophytes were only found in plots located in ditches ( Table 1) . Both in the case of vascular plants and bryophytes there were common species, present simultaneously in ditches and corresponding plots and often characterized by a large degree of coverage for both types of studied plots. It is especially true for coniferous forests with examples such as Vaccinium myrtillus L., V. vitis-idaea L., or shrubs, for instance Frangula alnus Mill. Among bryophytes one such species is Pleurozium schreberi (Willd. ex Brid.) Mitt. However, 52% in the case of vascular plants and 56% in the case of bryophytes were plants identified only in four or fewer of all the 122 studied plots. It is these rare species that mainly determine the distinctness of flora in ditches. Such accidental species considered separately cannot be treated as indicators of anthropogenic habitats, and only their large number can. Both the mean species richness of vascular plants and the mean species richness of bryophytes were considerably higher in plots located in ditches in comparison to the control plots in forests ( Table 2, 3; Figure 2 ). It is noteworthy that in the case of vascular plants the difference between the species richness found in ditches and in the surrounding forests was considerably higher than in the case of bryophytes. Since the analysis of variance indicated that the interaction between type of plot (ditchcorrespondence), type of plant (vascular -bryophytes) and the forest type (coniferous, mixed, deciduous) was relevant ( Table 2) , the post-hoc Tukey's tests were conducted. In the case of coniferous forests both the mean number of vascular plants and bryophytes were significantly higher in plots located in ditches than in control forest plots. In the case of mixed and deciduous forests significant differences have been found only for vascular plants ( Table 3) . The relationship of the two analyzed plant types' response to the ditch presence was not significantly determined by ditch type -both drainage and roadside ditches contributed similarly to species richness ( Table 2) . Statistical significance, however, had been noted for interaction between all the analysed covariables. This was due to the fact that in the case of vascular plants the difference in species abundance observed in plots in ditches and forests was determined by the ditch and forest type while the number of bryophytes did not exhibit pronounced variations (Table 3, Figure 2 Figure 2 ). Apart from the analysis of species richness, this study focused also on the analysis of the similarity of the studied plots in terms of their species composition and species cover. The analysis of Bray-Curtis similarity measure indicated that bryophytes distinguished between ditch plots and control plots to a larger degree than vascular plants. Three-way ANOVA demonstrated that the differences of the plots located in ditches and in forests expressed with Bray-Curtis similarity values counted for vascular plants (mean 0.44±0,20) and for bryophytes (mean 0.34±0,17) were statistically significant (F=6.821, df=1, P=0.0103). However the relationship of the mentioned values with the location of plots in different forest and ditch types was not statistically significant. The conclusion that among the taxa present in ditches, it was the bryophytes that were characterized by more dissimilarity in comparison to forest flora was a result of the larger number of species which were exclusively or much more frequently noted in corresponding control plots. Loeske which was much more frequent in forest plots. Apart from Convallaria majalis L. which was not noted in ditch plots, among the vascular plants there were no species preferring forest habitats. Majority of herbaceous forest species were also found in ditches. Among bryophytes noteworthy were also the species occurring much more frequently in ditches or in control plots within a given habitat type of forests. For instance, Atrichum undulatum (Hedw.) P.Beauv. occurred only in ditches in coniferous forests, but in mixed and deciduous forests it was also reported in control plots. Sciurohypnum oedipodium (Mitt.) Ignatov & Huttunen was found both in ditches and in control plots in coniferous forests, whereas in mixed and deciduous forests it was much more frequent in ditches (in corresponding control plots this species was found only twice and it occupied only a small area). On the other hand, Herzogiella seligeri (Brid.) Z.Iwats. was found more often in ditches in coniferous forests, and in mixed and deciduous forests it was only identified in control plots.
Figure 2. Impact of ditch presence expressed in species richness (mean ± 95% confidence intervals)

Discussion
In regard to the species richness understood as the total number of plants identified in research plots of a given type, the plots established in ditches significantly differed from the corresponding control plots in the surrounding forests. The flora in ditches can be characterized not only by a larger number of species but also by the presence of plants Simultaneously, there are researchers who claim that higher light levels characterizing structures such as glades, rides and roads existing in planted forests increase species richness of vascular plants and decrease species richness of bryophytes (Smith et al., 2007) . In contrast to the above mentioned structures, ditches represent the type of habitat which is not only frequently light penetrated but which can be primarily characterized by moister soils than forest habitats (Zielińska et al., 2013) . The analysis of mean values of species richness noted in particular types of plots (plots in ditches -corresponding plots) yielded similar results with almost twice as many vascular plant species and almost a 50% higher number of bryophytes identified in ditches than in forests. Although the significantly higher number of species in ditches characterized both analysed taxonomic groups, the presence of ditches had impacted the richness of vascular plants to a considerably higher degree. The independent behaviour of the moss and herb layers in the case of habitat conditions change had been shown in numerous studies both in forest and meadow phytocoenoses (Hettenbergová et al. . Such pattern could partly be explained by the fact that regional species pool for both taxonomic groups is different, in our case the number of bryophytes to be found in the area under analysis is lower. It has to be pointed, however, that in central Poland over 300 bryophytes species have been noted so far (Staniaszek-Kik and Wolski, 2009) and that in the case of bryophytes being cryptogams with very small diaspores and distinctly larger distribution ranges dispersal limitation may be less common in comparison to vascular plants (Löbel et al., 2006) . Thus it is not the smaller regional species pool that has determined the significantly lower growth of bryophytes species richness in comparison to the vascular plants. Moreover Shmida and Wilson (1985) stated that the main factor facilitating the species diversity in the adopted study scale is the variety of habitats and microhabitats. Bryophytes are plants that can settle on even the smallest of habitable substrates and therefore microhabitats have been claimed to be more important for them than mesohabitats (Vitt and Belland, 1997; Mills and Macdonald, 2004 ). In the course of this study significant diversification of plots from the point of view of bryophyte species richness was noted with their number greater in plots with old tree stumps and live trees with vast root bases as well as wild boar rooting traces. The presence of varied substrates was of key importance for the richness of this taxonomic group, probably more important than the topographic variety introduced by ditches. Ditches facilitated the occurrence of different substrate types needed by bryophytes, e.g. by accumulating various sizes of decaying wood or organic debris, http://www.aloki.hu • ISSN 1589 1623 (Print) • ISSN 1785 0037 (Online) DOI: http://dx.doi.org/10.15666/aeer/1503_13751392  2017, ALÖKI Kft., Budapest, Hungary fragments of exposed soil or small stones. Their presence, however, was not as significant to bryophytes as to vascular plants.
The variance analysis performed for the number of species pointed to the significance of the forest type. Minor differences between the impact of ditch presence on the richness of the two analysed taxonomic groups have been noted for coniferous forests. It is noteworthy that the increase of species richness in ditches noted for vascular plants in coniferous forests was lower than that noted for mixed and deciduous forests but for bryophytes we did not observe the same pattern. Therefore in mixed and deciduous forests the presence of a ditch impacted the species richness of bryophytes in a much different way than the richness of vascular plants. In compliance with the principles adopted for forest management over the studied area, the homogenous pine stands were planted on soils characterized by the lowest nutrient content, the deciduous stands, to the contrary, on the most eutrophic soils, hence coniferous, mixed and deciduous forests reflect the soil trophy gradient. It has been noted due to the fact that many studies point to a different response of vascular plants and bryophytes to changes of trophy (eg. Ingerpuu et al., 1998) . Also in experimental studies analysing the effects of fertilization, an increase in the number of herbs and a decline in the number of bryophytes has been reported (Aude and Ejrnaes, 2005; Bates, 2008) . As has been demonstrated here, the presence of anthropogenic variety of habitats in forests with higher trophy favors a much larger number of vascular plants species than bryophytes. Only in coniferous forests, where bryophytes constitute a much more significant ingredient of ground cover (Barbier et al., 2008; Hart and Chen, 2006 ) the presence of more humid habitats such as ditches caused the increase of their number to a degree comparable with vascular plants. It could be speculated that the decreasing number of bryophytes along with the corresponding changes in soil trophy reflects the resultant increased competitiveness of vascular plants but verification of such a hypothesis would demand further research.
The type of the analysed ditch did not impact the number of species as significantly as forest type. In coniferous pine forests, which are naturally more light penetrated (Hart and Chen, 2006) , the presence of the road did not have such a significant impact on the degree of alteration of habitats as was the case with mixed and deciduous forests. As expected, in roadside ditches of mixed and deciduous forests there was a significant increase in the number of species but it characterized only vascular plants. The number of bryophytes also rose but the increase was not so significant. The similar conclusion can be drawn as in the case of forest type analysis: those additional anthropogenic habitats which allow for a large increase of vascular plant species richness at the same time create less opportunity for enlargement of bryophyte richness. This is coincident with the results of other authors, who claim that vascular plants respond to forest management in a different manner than other analysed forest species -e.g. bryophytes but also lichens and fungi among others (Paillet et al., 2010) . Among the species which spontaneously inhabit the forest communities management favors vascular plants.
Bray-Curtis similarity measure analysis showed that the plots located in ditches display a higher dissimilarity in comparison to plots located in the surrounding forests due to the presence of bryophytes. Three elements contributed to the result. Firstly, the presence among bryophytes of a group of species occurring exclusively in corresponding control plots, secondly, the fact that numerous taxa display distinct preferences for ditches or forests within one habitat type of forest, and thirdly, similarly to vascular plants, the presence of a large number of species existing only in ditches. group of bryophytes species which was rarely to be found in ditches were species connected with tree barks and root bases as well as tree stumps remaining after thinning. Distinct preferences for ditches or forests plots depending on forest type were related to the ecology of the given species, for instance Atrichum undulatum (Hedw.) P.Beauv. prefers fertile settlements with pH close to neutral and that is why in coniferous forests it was only found in ditches while in mixed and deciduous forests it was also reported in forest control plots. A more detailed analysis concerning the bryophytes alone have been published in the separate article devoted to this taxonomic group (Staniaszek-Kik et al., 2016). However, although the bryophyte species composition in ditches was distinct we could not distinguish such a group of species that could be considered as typical for ditches. It was because the majority of species occurred at low frequencies. Among bryophytes occurring only in ditches, the most frequent was Oxyrrhynchium hians (Hedw.) Loeske, which was noted only 7 times. Even though a larger number of non-forest vascular plants and bryophytes, including synatrophic, were noted in ditches, there was no indication that ditches constitute a migration route for invasive species, a number of alien taxa was not larger there than in corresponding control plots. From the perspective of protection of natural diversity of flora in forest complexes, it is very positive. The acquired results point to the conclusion that the flora of ditches corresponds to the flora of areas through which they run. The presence of ditches enriches the local taxa pool primarily with accidental species, both associated with forest and non-forest habitats. This is the case for both the taxonomic groups under study. It could be hypothesized that old drainage ditches constitute an element of anthropogenically shaped landscape which may to a certain extent substitute the missing in managed forests topographic, wetness and light diversification of unmanaged forests where there are pits and mounds around root plates of fallen trees.
Conclusions
Research into the influence of management on the species heterogeneity of forest complexes most often concentrates on macroarea disturbances such as clear-cutting or single-crop farming over large areas. This analysis of the presence of the old drainage ditches in managed forests demonstrated that even small and additionally anthropogenic structures disturbing the topographic evenness of the area may be a source of habitats for numerous species and impact the biodiversity of a forest complex as such. The presence of ditches in managed forests leads to the significant increase of species richness regarding both the vascular plants and bryophytes. In the case of vascular plants the flora of ditches was primarily characterized by a larger number of noted species and in the case of bryophytes more important was not the number of species itself but the species composition. Bryophytes flora of ditches was lacking species found on tree barks and root bases but was richer in species of initial habitats or hygrophilous ones. Still, the analysis presented here has indirectly demonstrated that the presence of ditches is a source of habitat diversification both at meso-and microscales.
APPENDIX
Appendix A. Supplementary material
The list of collected species divided into vascular plants and bryophytes with the Rarity Index values obtained for plots in ditches (D), corresponding plot in forests (F) and for the total number of plots. Rarity Index (Ir) was calculated using the formula Ir = (N-n)/N, where N is the total number of plots and n is the number of plots in which the species appears; the value 1.00 means that the species was not found on a single plot of the given category, the value 0.00 that it occurred in the all analysed plots (Géhu 1979); species were ranked in descending order of the index value; * means the alien species. 
